We describe the initial two years of operation of the first lead-based heavy-ion superconducting LINAC. The lead-plated copper technology has proven very successful in terms of achievable field levels, power consumption and reliability. The set-up and operation of the LINAC system are now largely automated, and, with the completion later this year of improvements to the cryogenics system and the upgrading of the low-s section of the machine to quarter wave resonators in 1986, the overall energy performance will exceed the original design goal. Recent advances of the electroplating research and development program hold promise for further improvements in the near future.
Introduction
The LINAC was first brought into operation in May 1983. Since that time, it has been in essentially continuous use (except for one extended down-time for repair of the tandem Van de Graaff injector), providing heavy ions in an energy range from 1"150 to 350 MeV for an active research program in basic nuclear physics. The bulk of the experiments have been carried out by in-house users, although some outside users have been accommodated. Start-up and tuning of a beam through the LINAC have evolved from a rather labor-intensive manual task to a semi-automatic, computer-assisted procedure that is usually straightforward.
The machine consists of 40 lead-plated, copper, 150-MHz resonators of t.he split-loop type which were developed and fabricated by the Low Temperature Group at Cal-Tech. Sixteen are optimized for S =0.055 and 24 for 5 = 0.10. The resonators were electroplated, balanced and tuned electrically, and installed into 12 modular cryostats at Stony Brookl. Cooling is provided by pool-boiling of helium at 4.5 K, which is gravity-fed to the resonators from reservoirs within each cryostat. The reservoirs are filled in parallel from a 1,000 L storage dewar, which is in turn filled by a 400 W turbine-expander type refrigerator. This paper will report on the performance of the LINAC as it now stands, examine the factors that limit that performance, and describe work now under way that will increase the output energy of the machine.
Performance Figure 1 The bunching system has been described in detail in a previous report3. It Every resonator requires two types of conditioning when it is first put on line: helium conditioning and multipactor conditioning. Helium conditioning pushes up the onset of f ield emission to above operating field level. Multipactor conditioning is done without helium gas in the resonator anid utilizes high-power pulsed RF to clean up low-lying multipactor levels which invariably occur in a new resonator. Helium conditioning need not be repeated until the resonator is exposed to atmosphere. Multipactoring, however, depends strongly on quality of the vacuum environ-ment. If the cryostat vacuum deteriorates to >10-5T due to air leaks or release of cryo-pumped gases during a warm-up, then multipactor conditioning usually will have to be repeated. In extreme cases inivolving vacuum accidents, the standard multipactorin3g coinditioninig may fail and the resonators are warmed up and baked at 800C, in situ, for %48 hoUrs.
After baking, the standard multipactor conditioning has always been successful.
The frequency stability of the high-s resonators is very good. Lorng-term frequency drifts on the order of 30K Hz do occur over the first several months after assembly, but eventually the drifting is complete and the frequency stabilizes. Short-term stability (resonator shakinlg), while good in the high-S resonators is unacceptably bad in the low-5 resonators.
In fact, with the 200W of RF tuning power available, it is not possible to keep the low-6 resonators phase-locked for a useful fraction of time at field levels above -1.5 MV/im. Figure 3 is Fourier transform spectra of the instantaneous frequency excursions of a high and low-S resonator on-line in the LINAC. On the left, the spectrum for a low-B resonator has a full scale range of 100 rms Hz and for the high-0 on the right, full scale is 1.0 rms Hz.
The spectra were both averaged over a 32 S interval.
It is clear that shaking in the low-B resonators is very much worse than in the high-B. A bench top study of the two resonator structures revealed that the underlying cause of the very different behavior is that in the high-a resonators, the loop structure is sufficiently rigid that when it moves the two loops move as a unit, whereas in the low-B resonators, the loops move independently and, hence, the coupling between displacement and frequency shift is much larger for the low-B resonators.
Fin. 3
The Improvements Program
Two major improvements to the cryogenics system will be implemented within the next few months: 1) the capacity of the refrigerator itself will be increased by about 100W by the installation of a wet expander piston engine manufactured by Koch Processing Co. to be used in lieu of the current J-T system. The liquid fraction of the flow from such a wet engine is much higher than from a J-T system: 90% vs. 20%. The "wet engine" will be connected outside to the existing cold box and will be equipped with bypass valves so that the J-T system can be used during periods of light load or maintenance; 2) new U tubes are under construction in the Stony Brook machine shop. They have been engineered without stand-off spacers between 4 and 300K and incorporate a maximum of superinsulation. Small bleed holes have been built into the bayonet assembly to allow a small flow (<1 CFM) of helium from the standing helium column to be bled back directly to the system compressor. This small flow serves to damp thermal acoustic oscillations and intercepts heat flow from room temperature to the helium temperature end of the bayonet. These two improvements will add 1460W of cooling capacity, enough to permit operation of all resonators at 3 MV/m.
Utilization of this added capacity in the low-3 section will require a solution to the excessive shaking problem. Figure 4 shows Q versus field level data for this resonator with pure Pb and Pb/Sn alloy surfaces. The Pb/Sn Q exceeds by more than a factor of 2 the best Q yet reported for Pb at this frequency.
Field emission behavior with Pb/Sn was typical for this resonator before helium conditioning. This causes the precipitous drop in Q. The range of the variable coupler in these tests was too weak to permit a proper conditioning of the resonator and, thus, prohibiting a full high-field test. The most likely explanations for the superiority of the Pb/Sn surface are: 1) the throwing power of the Pb/Sn plating bath is greater than that of pure Pb. This allows a much thinner layer (-lljm) to be plated with full coverage, 2) the Pb/Sn surface is much more stable and resistant to oxidation and, consequently, the post-plating chemical polish procedure is unnecessary. An attempt to force the conditioning of the resonator, even with the weak coupling, by initiating gas discharge in the resonator caused the Q to drop irreversibly to about the pure Pb value. The same lower value of Q was measured at 2.3K, below the transition temperature of Sn, in a test of the integrity of the alloy. 
